Promoter Escape by Escherichia coli RNA Polymerase.
Promoter escape is the process that an initiated RNA polymerase (RNAP) molecule undergoes to achieve the initiation-elongation transition. Having made this transition, an RNAP molecule would be relinquished from its promoter hold to perform productive (full-length) transcription. Prior to the transition, this process is accompanied by abortive RNA formation-the amount and pattern of which is controlled by the promoter sequence information. Qualitative and quantitative analysis of abortive/productive transcription from several Escherichia coli promoters and their sequence variants led to the understanding that a strong (RNAP-binding) promoter is more likely to be rate limited (during transcription initiation) at the escape step and produce abortive transcripts. Of the two subelements in a promoter, the PRR (the core Promoter Recognition Region) was found to set the initiation frequency and the rate-limiting step, while the ITS (the Initial Transcribed Sequence region) modulated the ratio of abortive versus productive transcription. The highly abortive behavior of E. coli RNAP could be ameliorated by the presence of Gre (transcript cleavage stimulatory) factor(s), linking the first step in abortive RNA formation by the initial transcribing complexes (ITC) to RNAP backtracking. The discovery that translocation during the initiation stage occurs via DNA scrunching provided the source of energy that converts each ITC into a highly unstable "stressed intermediate." Mapping all of the biochemical information onto an X-ray crystallographic structural model of an open complex gave rise to a plausible mechanism of transcription initiation. The chapter concludes with contemplations of the kinetics and thermodynamics of abortive initiation-promoter escape.